Introduction: Pomegranate (Punica granatum) fruit contains valuable ingredients, such as ellagitannins and flavonoids, that have many potential effects, including antibacterial, antifungal, and anti-inflammatory functions. Objectives: The aim of this study was to investigate the effects of pomegranate fruit juice on F. nucleatum and S. sanguinis monospecies and multispecies biofilm formation in vitro. Methods: Pomegranate juice was obtained using a juicer and diluted using a brain heart infusion (BHI) broth into five different concentrations. The biofilm assay was performed as follows: F. nucleatum and S. sanguinis were cultured separately in the BHI broth for 48 hours at 37°C in an anaerobic atmosphere. A 200 L bacterial suspension (10 7 CFU/mL) was distributed into a 96-well plate and incubated for 24 hours to form a biofilm. Subsequently, pomegranate juice was added to the biofilm well and observed after 1 hours, 3 hours, 6 hours, and 24 hours. The biofilm mass was measured using a microplate reader (490 nm) after crystal violet staining. Chlorhexidine (0.2%) and the biofilms without treatment were used as the positive and negative controls, respectively. The data were statistically analyzed using one-way analysis of variance, with p<0.05 as the level of significance. Result: There was a significant biofilm reduction after treatment with pomegranate juice for all the concentrations and incubation times (p<0.05). The effective concentrations to inhibit the biofilm monospecies F. nucleatum and S. sanguinis and the multispecies were 6.25% (OD 0.148±0.019), 50% (OD 0.211±0.026), and 6.25% (OD 0.024±0.209), respectively. Conclusion: Pomegranate juice inhibits F. nucleatum and S. sanguinis biofilm formation as a monospecies and a multispecies. Future studies are needed to observe the mechanism of this active substance.
INTRODUCTION
Periodontal disease is recognized as a primary oral disease in several countries. 1 According to the World Health Organization, it is present in 15%-20% of adults aged 35-45 years worldwide. 2 The results of an Indonesian health survey (RISKESDAS, 2007) indicated that periodontal disease is the most prevalent of all oral conditions, at 96.58% across all age groups. 3 A chronic inflammatory condition, periodontal disease affects periodontal tissue, gradually damaging the alveolar bone. 4 The inflammation and destruction of periodontal tissue are mechanisms of the host response to a microbial biofilm that contains pathogenic Gram-negative bacteria. 5 Periodontal disease is associated with several clinical symptoms. For example, gingivitis is an inflammatory condition caused by the accumulation of bacteria in the gingival margin. Periodontitis is an advanced inflammatory disease that frequently results in the destruction of the tooth's periodontal tissue. The clinical symptoms of periodontitis include deeper periodontal pockets and detachment, which eventually lead to tooth loss. 1 One of the Gram-negative bacteria associated with periodontal disease is Fusobacterium nucleatum. 5 F. nucleatum is frequently present in subgingival plaque and the periodontal pockets. 6 This bacterium plays an important role in adhesion reaction and coaggregation with other pathogenic microbes such as Porphyromonas gingivalis. 6 Streptococcus sanguinis, another dominant Gram-positive bacterium in the oral cavity, is also a key contributor to the process of bacterial colonization. In contrast to F. nucleatum, however, S. sanguinis has antibacterial properties that assist in inhibiting the propagation of pathogenic periodontal bacteria. 7 An earlier study indicated a possible connection between aggressive periodontitis and diminished S. sanguinis loads. 8 Several treatments and medications aimed at targeting periodontal disease are available, including scaling, antibiotics, mouth rinses, and even preventive treatments. Nonetheless, the prevalence of periodontal disease remains high. Herbal substances offer natural alternatives for the treatment of periodontal disease, with several plant extracts containing bioactive compounds that have been proven to reduce pathogen invasion in the oral cavity. 9 Recent studies have shown that strawberry extract can reduce the biofilm formation of Enterococcus faecalis and Porphyromonas gingivalis in vitro, 10 mangosteen pericarp extracts are able to combat the cariogenic bacteria Streptococcus mutans, 11 and bromelain enzymes obtained from pineapple stems possess effective antibacterial properties against E. faecalis. 12 Pomegranate fruit (Punica granatum) has been shown to have significant potency as a bactericidal, antifungal, and antiviral agent. 7 It is also known to modulate the immune system and is beneficial to the digestive system as a vermifuge (anthelmintic agent), an appetite stimulant, and a laxative agent. P. granatum has been used to treat cardiovascular disease, diabetes, diarrhea, asthma, bronchitis, cough, bleeding disorders, fever, swelling, acquired immunodeficiency syndrome (AIDS), dyspepsia, ulcers, bruising, open wounds, oral lesions, skin lesions, malaria, prostate cancer, hypertension, denture stomatitis, male infertility, vaginitis, Alzheimer's disease, and obesity. 13, 14 In this study, the effects of pomegranate juice on F. nucleatum and S. sanguinis monospecies and multispecies biofilm formation were observed in vitro.
MATERIAL AND METHODS
This study is an in vitro experimental laboratory design that was conducted at the Microbiology Centre of Research and Education (MiCORE) Laboratory, Faculty of Dentistry, Trisakti University, Jakarta, Indonesia. Fresh pomegranate fruits were collected from Tangerang, Java Island, Indonesia, and a phytochemical assay analysis was performed at the Indonesian Medicinal and Aromatic Crops Research Institute (BALITTRO) in Bogor, Indonesia.
Pomegranate Juice Extract
The fresh pomegranate fruits were washed and peeled and the seeds removed. The juice was then extracted in a juicer, centrifuged at 1500 rpm, and filtered using Whatman No. 1 filter paper. The juice extract was diluted with a brain heart infusion (BHI) broth in five different concentrations of 100%, 50%, 25%, 12.5%, and 6.25% (v/v).
Biofilm Assay
Fusobacterium nucleatum ATCC 25586 and S. sanguinis ATCC 10556 were individually inoculated into the BHI broth and incubated for 48 hours at 37° C in an anaerobic atmosphere (CO 2 , H, N). The bacterial suspension from the incubation was measured at 600 nm, diluted until 1.5 x 10 8 CFU/mL, then homogenized using a vortexer. It was subsequently distributed into a 96-well plate and incubated at 37°C for 48 hours. Following the removal of planktonic bacteria, the pomegranate juice extract was added in various concentrations into the biofilm wells, and the inhibitory effect was observed after 1 hours, 3 hours, 6 hours, and 24 hours. The supernatant was removed, and the biofilm well plate was rinsed with a phosphate buffer saline. Crystal violet dye (0.5% w/v) was used to measure the F. nucleatum and S. sanguinis biofilm loads in the microplate wells. Up to 200 µL of 90% ethanol was added, and the remaining crystal violet dye was measured using a microplate reader at 600 nm. The BHI broth served as the negative control sample, while 0.2% chlorhexidine was used as the positive control.
Statistical Analysis
The data in this study were observed using three analytical methods: the Kolmogorov-Smirnov test, a oneway analysis of variance test, and a post hoc test. Statistical significance was set at p<0.05.
RESULT
The results of the P. granatum phytochemical test revealed that the active substances present in the extract were saponin, tannin, flavonoids, and glycoside. The results of the phytochemical test are presented in Table 1 . These results indicated that P. granatum juice extract significantly inhibits biofilm growth. The graph illustrates that the most effective inhibitory effect on F. nucleatum was achieved with a 6.25% (v/v) concentration following a 24 hours incubation period (Fig. 1) . Meanwhile, a 100% (v/v) concentration incubated for 6 h exhibited the optimal inhibitory effect on S. sanguinis bacteria (Fig. 2) . The most effective concentration for inhibiting the multispecies biofilm was 6.25% (v/v) incubated for 24 hours (Fig. 3) . The statistical results showed that there was a significant reduction in biofilm mass after treatment with the P. granatum fruit extract of each concentration and incubation period compared to the negative control (p<0.05). 
DISCUSSION
The test results indicated that the optimal inhibitory effect on F. nucleatum was achieved using a 6.25% (v/v) concentration of P. granatum extract for an incubation period of 24 hours. The same test applied to S. sanguinis bacteria indicated an optimal inhibitory effect using a 100% (v/v) concentration over a 6 h incubation period. However, Fig. 2 reveals a higher optical density (OD) at the 6.25% and 12.5% concentrations in comparison to the negative control after incubation for 3 h, 6 h, and 24 h. Furthermore, the 25% concentration had a higher OD in comparison to the negative control after the 6 h and 24 h incubation periods. This suggests lower concentrations of P. granatum are less effective in inhibiting S. sanguinis biofilm formation after a 1 h incubation period.
Previous studies have indicated that S. sanguinis can utilize sources of carbohydrate to survive. More than 50 putative carbohydrate transporters have been identified, including phosphotransferase enzymes, which are specifically associated with the transportation of glucose, fructose, mannose, galactitol, and maltose. The bacteria therefore have access to a robust means of energy production from sugar fermentation, 7 including glucose, which is the main sugar present in P. granatum extract. The antibacterial effects of the pure substances in P. granatum can generally be attributed to their phenolic structure. The causal mechanisms of phenolic toxicity against microorganisms, including enzyme inhibition by oxidized substances, are reactions with sulfhydryl groups or nonspecific interactions with proteins, which can cause inactivity and protein loss. 15 Microbial cells' targets are adhesion to the surface of polypeptide cell walls and to enzymes on the membrane. Phenol can also render a substance inhospitable to microorganisms, 15 and high-performance liquid chromatography analysis has revealed that the primary phenolic substances in pomegranate are gallic acid, ellagic acid, and punicalagin as the main ellagitannin. 16 We may therefore speculate that these substances are responsible for antimicrobial activity although it is possible that another, unidentified substance also contributes to this action. 16 A recent study showed that pomegranate juice effectively inhibits the biofilm formation of P. gingivalis, A. actinomycetemcomitans, and T. denticola in vitro. 17 Tannins are among those substances that contribute to the antibacterial properties of P. granatum. This substance is toxic to microorganisms and may affect the movement of substances into a cell owing to hydrophilic tannins' interactions with the membrane's polar end, while hydrophobic tannins penetrate the bacterial membrane's non-polar region, resulting in membrane instability. 16 Tannin contributes to biofuel formation by precipitating vital proteins and can alter surface loads, interfering with substratum cell interactions and biofilm formation. The tannin and ellagic acid found in pomegranate fruit can induce astringency, which is associated with biofilm disruption. Several studies have indicated that the anti-biofilm properties of tannins may be attributable to quorum sensing inhibition. 18 Several phytochemical substances present in pomegranate juice extract have demonstrated antimicrobial activity, and the majority of related studies have found that greater proportions of ellagic acid and hydrolyzed tannins, such as punicalagin, are associated with higher levels of antimicrobial activity. 19 Previous studies have observed a connection between the antimicrobial effects of tannins and their toxicity and molecular structures. Tannins can interfere with cell walls and penetrate cell membranes because they precipitate protein and suppress glycosyltransferase enzymes. A study demonstrated that gallic acid (tannic acid) exhibited the strongest antimicrobial effect on the tested sensitive strain, even at a low concentration. The antimicrobial properties of P. granatum may therefore be related to its polyphenolic structure, which causes it to interact with bacterial cell walls, inhibit enzymes as an oxidizing agent, interact with proteins, and disrupt microorganism aggregation. 20 F. nucleatum facilitates bacterial aggregation, and S. sanguinis is typically the first bacterium to colonize on a tooth's surface. 21 The interruption of these bacterial growths can inhibit bacterial colonization in the oral cavity. Quorum sensing is a signal delivery mechanism between cells and is used by bacteria colonies to communicate and promote their survival in terms of, for example, nutrition sources, microorganism defenses, virulent activity, and biofilm formation. 22 The disruption of this mechanism is a key strategy for managing disease. Pomegranate juice have been shown to inhibit the quorum sensing signals of two bacterial strains, disrupt violet pigment production, and affect the motility levels of Chromobacterium violaceum and Pseudomonas aeruginosa bacteria. 23 The inhibition process is caused by the direct and indirect disruption of quorum sensing, which is in turn caused by the polyphenolic structure of the pomegranate fruit or the interactive effects of a different substance within the extract. 19 Flavonoids, which are also found in P. granatum extract, work to form complex compounds against extracellular protein and to disrupt the integrity of bacterial membrane cells. The causal mechanism is the denaturizing of bacterial protein cells and the infliction of damage to the cell membranes to the point of irreparability. Flavonoids also have antiseptic properties, forming complex compounds with different cells in the bacterial cell wall or extracellular protein, which can disrupt bacterial growth. 24 The antimicrobial effects of P. granatum on pathogenic bacteria render it an effective and natural alternative antibacterial treatment; however, further investigation incorporating several bacterial groups is required to ascertain the relationship between antimicrobial activity and polyphenolic substances. The identification of the antimicrobial agents in P. granatum extract has yielded valuable information. 16 Several synthetic substances have exhibited promising antibiofilm properties, but medicines derived from natural substances are superior with regard to production costs and success rates. 18 Pomegranate fruits are among the several natural fruits that promise many benefits, and this study has demonstrated the antibacterial effects of P. granatum extract on F. nucleatum and S. sanguinis biofilms.
CONCLUSION
Based on this study, it may be concluded that P. granatum extract has antimicrobial effects on F. nucleatum monospecies, S. sanguinis monospecies, and F. nucleatum and S. sanguinis multispecies. P. granatum can be considered for use as an alternative antibacterial agent to inhibit bacterial growth in the oral cavity. Further studies are necessary to observe the mechanisms of the active substances in P. granatum extract, the antibacterial effects on other bacterial groups in the oral cavity, and its benefits for dentistry.
